Glutamatergic system is the largest and most important excitatory system of the human brain and plays an important, if not crucial role in the pathogenesis of numerous mental and neurological disorders, such as schizophrenia, Alzheimer' s disease and alcohol dependency.
INTRODUCTION
the NMDA receptor leads to excitotoxicity and dementia. Normalization of glutamatergic transmission with memantine improves cognition and slows the neurodegenerative processes. [6] [7] [8] [9] Hypothetic mechanisms of memantine action in affective disorders are not entirely clear, but reduction of glutamatergic transmission and normalization of the NMDA-dependent Na + and Ca 2+ currents may both stabilize and improve the mood. 10 Although there have been only a few clinical studies of memantine in affective disorders (mostly in unipolar depression and a treatment-resistant bipolar disorder), anxiety disorders (promising results in obsessive-compulsive disorder and posttraumatic stress disorder) and schizophrenia, the preliminary results show some benefits. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Our case report is one of the first works describing the impact of memantine on mood and the first one describing cognitive functions and quality of life changes during memantine use in a bipolar depressive episode. Moreover, this is the first case report indicating that memantine may more effectively improve the mood than an antidepressive agent -mianserin. Our project was accepted by the Ethics Committee of Medical University of Łódź (RNN/ 233/12/KE).
CASE
A 49-year-old male with the diagnosis of type I BD, treated psychiatrically for over 20 years, previously 5 times hospitalized, was admitted in a manic episode, when he tried to force the hospital door. During the first 2 weeks of olanzapine treatment the manic symptoms have been reduced. After the manic episode ended, some depressive symptoms emerged, quickly reaching a moderate severity. Continuing the therapy with lithium (1 g/day) and olanzapine (7.5 mg/day) for several weeks we have not noted any significant improvement. Treatment with mianserin, an alpha adrenergic antidepressant characterized by a low switch risk was started. After 6 weeks of mianserin (initially at 30 mg/day for 3 weeks, then raised to 60 mg/day) there was still no clinical improvement. After obtaining an informed consent, the patient started the intake of memantine with no other changes of the treatment. For the first week the daily memantine dose was 5 mg, every week it was increased by 5 mg to a maximum of 20 mg. Tolerance of the drug throughout its use was very good, the patient did not report any side effects whatsoever.
The patient had no other chronic illness than BD. Neurological assessments showed no abnormalities; the hematological, biochemical and hormonal (TSH) parameters were normal. In the CT scan no significant morphological changes were found.
Every week during the10 weeks of memantine treatment and also 6 weeks after its termination the patient was examined using the Hamilton Depression Rating Scale (HDRS), Young Mania Rating Scale (YMRS), Hamilton Anxiety Scale (HAMA), Clinical Global Impression (CGI) and World Health Organization Quality of Life Scale (WHOQOL-BREFshort version, Table 1 ). Before starting memantine (week 0-W0) and at the end of its use (W10) the patient also performed psychological examination panel (Table 2 ).
Psychiatric symptoms
After the memantine initiation we observed a consecutive improvement of depressive symptoms, which was noted early, what is congruent with the observations of Anand et al. 13 We noted a significant improvement in mood, sleep parameters and appetite. After a quick improvement following first doses of memantine the level of anxiety remained on the same mild level. During the memantine period a brief mild depressive exacerbation was observed (ca. W5), which was conditioned by objective external circumstances, but with this exception the HAMA  15  8  7  6  8  8  9  9  8  7  7  ----3   CGI  4  3  3  3  3  4  3  3  3  3  3  3  3  3  2  2   CGI-I  3  3  3  3  3  4  3  3  3  3  3  3  3  3  2  2   WHOQOL1  17  19  19  20  20  18  19  18  18  17  17  ----21   WHOQOL2  17  15  15  15  15  14  15  15  15  16  17  ----19   WHOQOL3  7  7  7  7  7  7  8  7  7  8  8  ----8   WHOQOL4  19  22  20  26  25  25  24  24  24  24  23  ----27   WHOQOL  60  63  61  68  67  64  66  64  64  65  65  ----75 Abbreviations not used in the text: W0-W15: weeks 0-15, CGI-I: Clinical Global Impression-Improvement, WHOQOL parts: 1 (somatic), 2 (psychologic), 3 (social), 4 (environment) and total score. HDRS: Hamilton Depression Rating Scale, YMRS: Young Mania Rating Scale, HAMA: Hamilton Anxiety Scale, CGI: Clinical Global Impression, WHOQOL: World He-alth Organization Quality of Life Scale Psychological assessments (Table 2) In depressive, hypomanic or manic but also euthymic bipolar patients the cognitive functioning is significantly worse than in normal population. Cognitive functioning results before and after the treatment indicate a marked improvement in auditory verbal learning, accuracy of verbal material learning and reduction of susceptibility to distraction. The numerical parameters of concentration, perceptual speed and accuracy of work also improved.
The overall result of right hemisphere language functions and communication skills, direct auditory and operating memory and psychomotor speed remained on similar levels before and after the memantine treatment.
The results of direct visual memory tests are difficult to comment. The numerical parameters (the number of wrong and right answers) were slightly worse in the second assessment, however, despite the alternative version of the test, it cannot be regarded as equivalent in terms of psychometric properties. The WCST results were slightly worse on the second assessment.
The numerical parameters (both semantic and phonemic) of verbal fluency in both assessments were similar.
In the RFFT and TMT (Part B) tests, assessing -among others -executive functions, a qualitative improvement in the efficiency of planning (the use of a rotation strategy in RFFT) and also in the control of action (error-free switching of the TMT) was observed. This improvement may be partly explained by the learning effect.
Quality of life
Quality of life was assessed using the popular WHOQOL-BREF (Table 1) . Parallelly to the clinical improvement, we also noted better quality of life parameters in the items describing physical functioning -e.g., sleep, energy, treatment, pain (part 1) and environment -finances, health services, living place (part 4).
Due to persistent mild depressive symptoms with a relatively excessive drive reduction, memantine and mianserin were stopped and venlafaxine was started (up to 75 mg per day). This resulted in a satisfactory drive improvement and remission of the depression without any manic symptoms for 3 weeks (weeks 11-15 in Table 2 ).
DISCUSSION
Understanding the involvement of the glutamatergic system in the control of mood may lead to the intensification of research in this field and finding new therapeutic options in 26, 27 In the described patient with bipolar depression we observed a symptomatic improvement during the memantine augmentation of lithium, olanzapine and mianserin treatment. Interestingly, memantine was significantly more effective comparing to mianserin. We do not consider that the observed improvement is linked with the natural end of the depressive period because part of the important symptoms (e.g., drive reduction, decreased activity) remained on similar levels during the entire observation period. However, improvement in other basic depressive symptoms as mood, quality of sleep, appetite and also stability of mood was clinically relevant indicating the efficacy of memantine. Due to the methodological limitations of case reports conclusions should be formulated carefully.
Considering the cognitive parameters, after 10 weeks of memantine use we observed a mild improvement in most aspects of functioning. Clearer improvement resulting from the action of memantine and lower severity of depressive symptoms would be expected, however even in euthymic bipolar patients cognition dysfunction in most aspects is similar to that in mild cognitive impairment (MCI). 23 In this relatively short observation period there were no major mood swings. This may indicate some mood stabilizing properties of memantine. Also the general quality of life of the patient has improved. Very good tolerability of memantine should also be emphasized here.
Further clinical trials of memantine and other glutamatergic agents assessing its antidepressive, antimanic and/or mood stabilizing properties are needed.
